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,QWURGXFWLRQ
7KHIUDFWXULQJRIURFNPDVVLVVKRZQLQDVLPSOHVFKHPHLQILJXUH7KHURFNPDVVLILVH[SRVHGWRPDQ\IDFWRUV
WKDWPD\ QHJDWLYHO\ DIIHFW LWV SK\VLFDOPHFKDQLFDO SURSHUWLHV UHGXFLQJXQLD[LDO FRPSUHVVLYH VWUHQJWK DQGKDYH D
QXPEHURIRWKHUQHJDWLYHLPSDFWV$PRQJWKHIDFWRUVWKDWQHJDWLYHO\DIIHFWWKHURFNPDVVZHFODVVLI\ZHDWKHULQJ
SURFHVVHV7KH\FDQEHPHFKDQLFDOFKHPLFDODQGWRDOHVVHUH[WHQWELRORJLFDOZHDWKHULQJ7KHH[WHQWDQGLPSDFWRI
ZHDWKHULQJGHSHQGVRQPDQ\RWKHUIDFWRUV$QRWKHUPHQWLRQHGIDFWRULVVWUHVVGHIRUPDWLRQFKDQJHV7KHSURFHVVRI
UHGLVWULEXWLRQRIVWUHVVHVLQHDUWK
VERG\RFFXUVDWHYHU\PRPHQW7KHVHFKDQJHVPD\EHRIQDWXUDORULJLQHJDWWKH
HGJH RI OLWKRVSKHULF SODWHV 7KH\ PD\ EH KXPDQLQGXFHG FKDQJHV HJ IURP XQGHUJURXQG PLQLQJ (QJLQHHULQJ
FRQVWUXFWLRQVVKRXOGEHDGDSWHGWRORFDOFRQGLWLRQV0HQWLRQHGIDFWRUVPD\DSSHDULQJUHDWHURUOHVVHUGHJUHH
,WLVDOVRLPSRUWDQWWRIRFXVRQWKHJHRG\QDPLFSURFHVVHVZKLFKDUHPDQLIHVWDWLRQVRIWKHDFWLRQRIHQGRJHQRXVDQG
H[RJHQRXV IDFWRUV /DQGVOLGHVPD\ RFFXU EHFDXVH RI WKHVH HIIHFWV 7KH ODQGVOLGH LVVXH LV D TXHVWLRQ RI UHJLRQDO
JHRORJ\ JHRPRUSKRORJ\ DQG RWKHU IDFWRUV +RZHYHU WKH EDVLF SULQFLSOHV RI ODQGVOLGH IRUPDWLRQ DUH VLPLODU
ZRUOGZLGH:HPXVWQRWIRUJHWWKHDVVHVVPHQWSODQHRIGLVFRQWLQXLWLHVZKHQDVVHVVLQJWKHURFNPDVV$QXPEHURI
RWKHUULVNVLVLQWHUFRQQHFWHGZLWKWKHDSSHDUDQFHRIGLVFRQWLQXLWLHV7KHVHVXUIDFHVFDQRFFXUDVIDXOWVIUDFWXUHVRU
FOHDYDJHV7KHGLVFRQWLQXLWLHVPD\EHZLWKRXWILOOLQJRUILOOHGZLWKPLQHUDOV+RZHYHULWLVDWWKHSODFHRIZHDNQHVV
WKDWWKHSURSHUWLHVRIURFNPDVVZRUVHQ,QGLYLGXDOIDFWRUVFDQFRPSOHPHQWHDFKRWKHU


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1HJDWLYHHIIHFWVRIPHFKDQLFDODQGFKHPLFDOZHDWKHULQJ
5RFNPDVVLVH[SRVHGWRDQXPEHURIH[RJHQRXVIDFWRUVDPRQJZKLFKZHLQFOXGHDOVRZHDWKHULQJ7KHJHRORJLFDO
HQYLURQPHQW UHDFWV WR WKH FXUUHQW FRQGLWLRQV RQ WKH HDUWK
V VXUIDFH:HDWKHULQJ FDQ EH PHFKDQLFDO RU FKHPLFDO
:HDWKHULQJLVWKHSURFHVVRIHURGLQJRIWKHURFNPDVVLI
0HFKDQLFDOZHDWKHULQJFDXVHVDPHFKDQLFDOGLVLQWHJUDWLRQRIWKHJHRORJLFDOHQYLURQPHQW7KLVPHDQVWKDWWKHUHLVD
GLVLQWHJUDWLRQ RI URFN SDUWLFOHV LQWR VPDOOHU IUDJPHQWV ZLWKRXW DOWHUDWLRQ RI WKHLU FKHPLFDO FRPSRVLWLRQ 0RVW
PDUNHGO\LVPDQLIHVWHGSURFHVVRIPHFKDQLFDOZHDWKHULQJLQDULGDUHDV)DFWRUVDFWLYHLQWKHPHFKDQLFDOZHDWKHULQJ
DUHHVSHFLDOO\ZLQGIURVWJUDYLW\WHPSHUDWXUHEXWDOVRZDWHUDQGJODFLHUV'LVWXUEHGDQGVHSDUDWHGPDWHULDOIURP
WKHRULJLQDOURFNPDVVLIFDQVWD\LQWKHRULJLQDOORFDWLRQRULWFDQEHWUDQVIHUUHG&KHPLFDOZHDWKHULQJWUDQVIRUPHV
SULPDU\PLQHUDOV DQG FUHDWHV QHZPLQHUDOV 7KLV W\SH RIZHDWKHULQJ GRPLQDWHV LQZHW HQYLURQPHQWV (DFK URFN
UHVLVWV WR FKHPLFDO ZHDWKHULQJ GLIIHUHQWO\ 7KH PDLQ IDFWRU RI WKH FKHPLFDO ZHDWKHULQJ LV ZDWHU %LRORJLFDO
ZHDWKHULQJ LV QHJOLJLEOHZKHQ FRPSDUHG WRPHFKDQLFDO DQG FKHPLFDOZHDWKHULQJ ,W LV XVXDOO\ D FRPELQDWLRQ RI
IDFWRUV LQGLIIHUHQWSURSRUWLRQVRI WKHLUUHSUHVHQWDWLRQ7KHUHVLVWDQFH WRURFNZHDWKHULQJ LVUHODWLYH)RUH[DPSOH
JUDQLWHLVYHU\UHVLVWDQWWRPHFKDQLFDOEXWWRFKHPLFDOZHDWKHULQJ
:HDWKHULQJ DV ZHOO DV RWKHU IDFWRUV PHQWLRQHG ZRUVHQV WKH SK\VLFDOPHFKDQLFDO SURSHUWLHV RI WKH URFNV ,W LV
LPSRUWDQWWRUHDOL]HZKDWNLQGRIH[RJHQRXVIDFWRUVH[LVWDWDJLYHQORFDWLRQLIZHZDQWWRLPSOHPHQWHQJLQHHULQJ
GHVLJQ OLQHFRQVWUXFWLRQVRUXQGHUJURXQGZRUNV ,W LVQHFHVVDU\ WRGHWHUPLQH WKHFKDUDFWHULVWLFVRI URFN WKDWZLOO
LQWHUDFWZLWK WKH EXLOGLQJ FRQVWUXFWLRQ 7KH SURSHUWLHV RI URFNV YDU\ QRW RQO\ZLWKZHDWKHULQJ EXW DOVR WKURXJK
KXPDQLQWHUYHQWLRQ([RJHQRXVIDFWRUVDFWRQWKHQHZO\H[SRVHGVXUIDFHRIDQ\URFNPDVVLILQFXWVH[FDYDWLRQVRU
ZKHUH WKH RYHUO\LQJ VWUDWD LV H[SRVHG $Q LPSRUWDQW UHTXLUHPHQW LQ WKH LPSOHPHQWDWLRQ RI DQ\ HQJLQHHULQJ
FRQVWUXFWLRQ LV GXUDELOLW\ 7KLV PHDQV SUHVHUYDWLRQ RI SURSHUWLHV RU HYHQ WKHLU LPSURYHPHQW RYHU WKH RULJLQDO
FKDUDFWHULVWLFV
,Q D SXEOLFDWLRQV WKH DXWKRUV 0LãþHYLü DQG 9ODVWHOLFD >@ IRFXVHG RQ WKH YLRODWLRQ RI D URFN PDVVLI GXH WR
ZHDWKHULQJLQ&URDWLDQHDU6SOLW(YHQWKHH[FDYDWLRQZRUNUHSUHVHQWVDQLQWUXVLRQLQWRWKHJHRORJLFDOHQYLURQPHQW
,ILWLVDVRIWURFNWKHUHLVDODUJHULVNRIGHWHULRUDWLRQVLQIOXHQFLQJUHVXOWV7KLVLVWKHFDVHLQIO\VFKIRUPDWLRQ7KH
H[FDYDWLRQ UHGXFHV WKH VKHDU VWUHQJWK 2Q WKH VXUIDFH WKHUHZHUH VLJQV RI H[IROLDWLRQ 7KHUHZDV DOVR D VOLGLQJ
IO\VFKOD\HUZKLFKWKUHDWHQHGORFDOURDGV:HDWKHULQJSURFHVVHVPD\EHDWKUHDWRYHUORQJSHULRGVRIWLPHDQGDOVR
DIIHFWULJLGURFNVGHSRVLWHGLQVRIWURFNV7KHULJLGURFNVPD\EHVOLGLQJRQDIO\VFKVXEVWUDWHWRZDUGWKHURDG7KH
GHYHORSPHQWRIWKHVHRWKHUSRWHQWLDOWKUHDWVPXVWEHVWRSSHGXVLQJDSSURSULDWHPHDVXUHV2QHSRVVLEOHYDULDQWLVWKH
XVHRISODQW URRWV IRU VWDELOL]DWLRQ7KLV FDQEH DSSOLHG LI WKH VORSH LV VPDOO$QRWKHU DOWHUQDWLYH LV SURWHFWLRQRI
VORSHVXVLQJJHRV\QWKHWLFPDWHULDOVRUE\PHDQVRIVSUD\HGFRQFUHWH,WLVDOVRQHFHVVDU\WRVHFXUHDZHDNVSRWLQWKH
DUHDRIJDSVVRWKDWLWLVQRWH[SRVHGWRZDWHU>@
7KH JHRORJLFDO HQYLURQPHQW PXVW EH H[SORUHG WKRURXJKO\ HVSHFLDOO\ ZKHQ EXLOGLQJ ODUJH FRQVWUXFWLRQV DQG
PHDVXUHVDJDLQVWZHDWKHULQJVKRXOGEHGHVLJQHGDQGLPSOHPHQWHGZLWKWKHXWPRVWFDXWLRQ$SUHUHTXLVLWHLVJRRG
NQRZOHGJH RI WKH SK\VLFDOPHFKDQLFDO SURSHUWLHV WKH SUHGLFWLRQ RI WKH EHKDYLRXU RI WKH URFN PDVVLI GXULQJ
LQWHUYHQWLRQLQWRWKHHQYLURQPHQWEXWDOVREHKDYLRXUGXULQJRSHUDWLRQRIWKHHQJLQHHULQJSURMHFW7KLVLVDOOLQWKH
KDQGVRIHQJLQHHULQJJHRORJLVWVJHRWHFKQLFDODQGFLYLOHQJLQHHUVDQGVKRXOGEHVROYHGLQPXWXDOFRRSHUDWLRQ
7KHUHDOL]DWLRQRIDUFKGDPVRQVXEVRLOZKLFKLQFOXGHGZHDWKHUHGURFNVZDVVWXGLHGE\)DQHWDO>@'XHWRWKH
GLIILFXOW\RI WKHHQJLQHHULQJSURMHFWDVHULHVRIH[SORUDWLRQZRUNVZHUHPDGHWRFUHDWHGD'PRGHO7RLPSURYH
DQGVWDELOL]HWKHURFNHQYLURQPHQWRQHRIWKHFKRVHQPHWKRGVZDVFRQVROLGDWLRQJURXWLQJ7KLVPHWKRGZDVXVHGWR
ILOO LQ DUHDV RI GLVFRQWLQXLWLHV LQ WKH URFN HQYLURQPHQW DQG SUHYHQW PLJUDWLRQ RI ZDWHU WKURXJK WKH SODQHV RI
GLVFRQWLQXLW\WKDWFRXOGWKUHDWHQWKHSURSHUWLHVRIURFNV>@
7KHFRQVROLGDWLRQJURXWLQJPHWKRGLVDPRGLILFDWLRQRIFODVVLFDOJURXWLQJ2WKHUPRGHUQPHWKRGVZLWKLQJURXWLQJ
DUHSHQHWUDWLRQJURXWLQJDQGQR]]OHJURXWLQJ%\ILOOLQJWKHSRUHVZLOOEHVWDELOL]HGDQGVHDOHGIURPWKHJHRORJLFDO
HQYLURQPHQW LH LPSURYLQJ WKHLU JHRWHFKQLFDO SURSHUWLHV$Q LQGLYLGXDO W\SH RI JURXWLQJ YDULHV DFFRUGLQJ WR WKH
W\SHRILQMHFWHGPDWHULDODQGDFFRUGLQJWRWKHPHWKRGRORJ\RIJURXWLQJ

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7KHQHJDWLYHLPSDFWRIVWUHVVGHIRUPDWLRQFKDQJHV
$VWUHVVGHIRUPDWLRQFKDQJHLQWKHURFNPDVVLVPRVWO\WKHUHVXOWRIDORQJWHUPHIIHFWRIWHQVLOHDQGFRPSUHVVLYH
IRUFHV(YHU\URFNPDVVKDVDXQLTXHKLVWRU\7KHFXUUHQWVWDWHRIURFNLVWKHUHVXOWRIDVHULHVRIRURJHQLFIDFWRUV
$OOWKLVLVOLQNHGWRWKHFRQWLQXRXVUHGLVWULEXWLRQRIVWUHVVHVLQHDUWK
VFUXVW7KLVLVWKHHIIHFWRILQWHUQDOHQHUJ\RI
(DUWKFDXVLQJPRYHPHQWRIWKHWHFWRQLFSODWHVYROFDQLFDFWLYLW\HDUWKTXDNHVDQGPRUH$SSO\LQJDVWUHVVOHDGVWR
GHIRUPDWLRQRIWKHURFNPDVVLI(ODVWLFGHIRUPDWLRQLQLWLDWHVPLFURFUDFNVGHSHQGLQJRQWKHQDWXUHRIWKHH[SRVHG
URFNPDWHULDO7KHDGGLWLRQDOVWUHVVOHDGVWRSHUPDQHQWGHVWUXFWLRQ5RFNPDVVXQGHUWKHDFWLRQRIHQGRJHQRXVDQG
H[RJHQRXVIDFWRUVLVVXEMHFWWRWKHIRUPDWLRQRIFUDFNVIDLOXUHVDQGIDXOWVWRDJUHDWHURUOHVVHUH[WHQW:HDNHQHG
SRLQWVPD\FRQVWLWXWHDQHVFDSHURXWHIRUWKHZDWHUDFWLYLW\RIRUJDQLVPVWKHIRUPDWLRQRIQHZPLQHUDOVDQGPRUH
2YHUDOO WKLV OHDGV WRD UHGXFWLRQ LQ VWUHQJWK6WUHVV LQ WKH URFNPDVV LV WKH UHVXOWRI WKHJUDYLWDWLRQDO ILHOGRI WKH
(DUWK DQG RWKHU RURJHQLF SURFHVVHV LQFOXGLQJ JHRG\QDPLF SURFHVVHV +XPDQ LQWHUYHQWLRQV LQWR WKH JHRORJLFDO
HQYLURQPHQW LQ WKH IRUP RI ODUJH HQJLQHHULQJ SURMHFWV OLNHPLQLQJ DQGZDWHUPDQDJHPHQW VWUXFWXUHV UHSUHVHQW D
UHGLVWULEXWLRQ RI ODUJH DPRXQWV RI PDWHULDO 8QORDGLQJ VXSHULPSRVHV D ORDG DQG OHDGV WR VWUHVVGHIRUPDWLRQDO
SURFHVVHVLQWKHURFNPDVV7KHURFNPDVVLVDQLQKRPRJHQHRXVHQYLURQPHQWDQGWKHVWDWHRIVWUHVVLVGLIIHUHQWDW
DQ\SRLQW8QORDGLQJURFNPDVVKDVDVRFDOOHG UHVLGXDOVWDWHRIVWUHVV7KHUHDUH ORWVRIPHWKRGVWRPHDVXUHWKH
VWDWHRIVWUHVV(VSHFLDOO\LQPLQLQJHQYLURQPHQWVLWLVLPSRUWDQWWRNQRZWKHVWDWHRIVWUHVVDQGSUHGLFWWKHVWUHVV
GHIRUPDWLRQFKDQJHV
6WUHVVGHIRUPDWLRQFKDQJHVDUHYHU\SUREOHPDWLFLQWKHFDVHRIPLQLQJHQYLURQPHQWZKLFKOHDGVWRH[FDYDWLRQDQG
PLQLQJ DW JUHDW GHSWKV ([FDYDWLRQ LV RIWHQ GRQH LQ KHWHURJHQHRXV JHRORJLFDO HQYLURQPHQWV DQG PDNHV LW YHU\
GLIILFXOWWRSUHGLFWWKHLUEHKDYLRXU
7KHLVVXHRIPLQLQJDFWLYLW\DQGHDUWKTXDNHVFDXVHGE\PDQZHUHLQWKHSDVWDYHU\VHQVLWLYHLVVXHLQWKH2VWUDYD
UHJLRQ&]HFK5HSXEOLF7KH2VWUDYD.DUYLQDFRDOPLQLQJGLVWULFWLVDQHQYLURQPHQWZLWKLQWHQVLYHPLQLQJDFWLYLW\
LQWKHSDVW7KHUHZDVDEODFNFRDOPLQH7KHFRQVHTXHQFHRIFRDOPLQLQJLVDOVRDGHIRUPDWLRQRIWKHWHUUDLQLQWKH
UHJLRQ ,Q PDQ\ SODFHV WKHUH ZDV D VXUIDFH VXEVLGHQFH E\ WHQV RI PHWHUV ZKLFK FRPSOHWHO\ FKDQJHG WKH
PRUSKRORJ\ DQG ORFDO LQIUDVWUXFWXUH KXPDQ GZHOOLQJVHQJLQHHULQJ QHWZRUNV DQG VR RQ$ SULPH H[DPSOH LV WKH
FKXUFKRI6W3HWHURI$OFDQWDUDZKLFKLVORFDWHGLQ.DUYLQD7KLVFKXUFKKDVIDOOHQE\PHWHUV7KHFKXUFKZDV
UHLQIRUFHGZLWKDFRQFUHWHFRQVWUXFWLRQDQGZLWKVWHHOFDEOHVSURYLGHGWRSUHYHQWDQ\IXUWKHUGHVWUXFWLRQ
$UHDV ZLWK PLQLQJ DFWLYLWLHV DUH DQ H[DPSOH IRU FRQVWDQW VWUHVVGHIRUPDWLRQ FKDQJHV HYHQ DIWHU H[WUDFWLRQ 7KH
VWUHVVGHIRUPDWLRQ ILHOG ZLWK LWV DFWLYLW\ FDXVHV DV DOUHDG\ PHQWLRQHG QRW RQO\ YLEUDWLRQ EXW DOVR WKH ODQG
VXEVLGHQFH ,Q WKLV FRQQHFWLRQ WKHUHPD\ EH FKDQJHV LQ WKH JURXQGZDWHU UHJLPH0LQLQJ DFWLYLW\ LV WKXV RQH RI
PDQ\SUREOHPV
7KHERWWRPRIH[FDYDWLRQFDQKDYHSUREOHPZLWKEXOJLQJ,QFDVHRIWKHUHDOL]DWLRQRIXQGHUJURXQGVWUXFWXUHVWKH
NQRZOHGJHRIIUDFWXULQJRIWKHURFNPDVVLILVQHFHVVDU\IRULWVSUHGLFWLRQ)RUWKHDVVHVVPHQWRIWKHURFNPDVVLIZH
XVHGDQXPEHURIPHWKRGV(DFKPHWKRGLVVSHFLILFDQGLWKDVGLIIHUHQWHQYLURQPHQWV
1HJDWLYHLPSDFWVRIJHRG\QDPLFSURFHVVHV
*HRG\QDPLFSURFHVVHVLQFOXGHDZLGHJURXSRIIDFWRUVDFWLQJRQWKHIRXQGDWLRQVRLO7KHVHSURFHVVHVFDQEHGLYLGHG
LQWR HQGRJHQRXV DQG H[RJHQRXV SURFHVVHV :LWK HQGRJHQRXV SURFHVVHV ZH FDQ LQFOXGH WHFWRQLF PRYHPHQWV
YROFDQLVPDQGHDUWKTXDNHV([RJHQRXVSURFHVVHVLQFOXGHIDFWRUVDIIHFWLQJ(DUWK
VVXUIDFHRULQHIIHFWVOLJKWO\EHORZ
LWVVXUIDFH7KLVLQFOXGHVWKHSURFHVVRIZHDWKHULQJHURVLRQDEUDVLRQNDUVWLQJDQGPDQ\RWKHUV(QGRJHQRXVDQG
H[RJHQRXVSURFHVVHV LQWHUDFWDQG LQWHUSHQHWUDWHDQGFDQQRWEHVWULFWO\VHSDUDWHG IURPHDFKRWKHU(IIHFWVRI WKHVH
SURFHVVHVPD\IRUH[DPSOHOHDGWRDZHDNHQLQJRIWKHURFNPDVVLIDQGWRVORSHLQVWDELOLW\6ORSHLQVWDELOLW\FDXVHVD
VKLIWRIURFNGRZQWKHVORSH$FFRUGLQJWRWKHVSHHGRIPRYHPHQWRIURFNWKH\DUHFODVVLILHGLQWKHW\SHRIVORSH
PRYHPHQW&DQRFFXUVORZPRYHPHQWWKDWLVLQGLVWLQFWZLWKWKHQDNHGH\H2QWKHFRQWUDU\URFNIDOOWDNHVSODFHLQ
VHFRQGV5RFNIDOOLVUDSLGPRYHPHQWRIWKHURFN
,QWKHFDVHRIEXLOGLQJIRXQGDWLRQVLVQHHGHGWRHYDOXDWHULVNVDVVRFLDWHGZLWKJHRG\QDPLFSKHQRPHQD7KH&]HFK
5HSXEOLF KDV&]HFK*HRORJLFDO 6XUYH\7KH\ WDNH FDUH RI HYLGHQFH VR FDOOHG*HRKD]DUGV(QWLUH WHUULWRU\ RI WKH
&]HFK5HSXEOLFKDVEHHQPDSSHGDQGGDWDDUHFRQWLQXRXVO\XSGDWHGLQWRWKHGDWDEDVH,QLWLDODVVHVVPHQWRIWKHDUHD
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LQWHUPVRIVXLWDELOLW\IRUIRXQGDWLRQEXLOGLQJVLWVVXVFHSWLELOLW\ WRODQGVOLGHVRFFXUUHQFHRIROGODQGVOLGHVDFWLYH
ODQGVOLGHVDQGRWKHUKD]DUGVFDQEHHDVLO\IRXQGLQWKHGDWDEDVHRIWKH&]HFK*HRORJLFDO6XUYH\
/DQGVOLGHV UHSUHVHQWRQHRI WKHPDQ\SKHQRPHQD UHVXOWLQJ IURPJHRG\QDPLFSURFHVVHV$ ODQGVOLGHRIWHQFRYHUV
ODUJH DUHDV DQG WKHUHIRUH LQ H[SORULQJ WKHLU H[WHQW LV DSSURSULDWH WR XVH WKHPHWKRGRI DHULDO SKRWRJUDSK\8VLQJ
DHULDOSKRWRJUDSKVFDQFRPSDUHWKHGHYHORSPHQWRIODQGVOLGHDUHDVLQHQWLUHVXUIDFH/DQGVOLGHVIUHTXHQWO\RFFXULQ
DUHDVRIIRUPHU ODQGVOLGHVZKLFKZHUHUHLQLWLDWHG:HFDQ WRVRPHH[WHQWSUHGLFW WKHGHYHORSPHQWRI ODQGVOLGHV
FRPSDULQJ WKH LPDJHVRYHUD ORQJHUSHULRGRI WLPH WRJHWKHUZLWKNQRZOHGJHRIJHRORJ\K\GURJHRORJ\DQGRWKHU
UHTXLUHGLQIRUPDWLRQ
(YDOXDWLRQRI DHULDO SKRWRJUDSKVRI WKH DUHD DIIHFWHGE\ D VHULHVRI ODQGVOLGHV LVSUHVHQWHG LQSXEOLFDWLRQRI9DQ
:HVWHQDQG*HWDKXQ>@,Q,WDO\QHDU%HOOXQRLVWKHDUHDZLWKWKHRFFXUUHQFHRIODQGVOLGHVLQIO\VFKURFNV,WZDV
QHFHVVDU\WRSHUIRUPDVHULHVRIPHDVXUHVEHFDXVHWKHUHZHUHLQWKHSDVWORFDOYLOODJHVHYDFXDWHGGXHWRGDQJHURXV
IURP ORFDO ODQGVOLGHV 7KH DUHD LV HTXLSSHG ZLWK D QXPEHU RI PHDVXUHPHQW SRLQWV ZLWK WKH XVH DQ DXWRPDWLF
WKHRGROLWH DUH LQVWDOOHG H[WHQVRPHWHUV HFKRPHWHUV SLH]RPHWHUV IORZ VHQVRUV DQG PRUH $OWKRXJK LW ZDV DOVR
SHUIRUPHG D GUDLQDJH FKDQQHO DW WKH WRS RI ODQGVOLGH IRU GUDLQDJH ZDWHU LW ZDV QRW VXFFHVVIXO VWDELOL]DWLRQ RI
ODQGVOLGH>@
&RPSOHWHO\ VWDELOL]H ODQGVOLGHV LQ ODUJH DUHDV LV YHU\ GLIILFXOW %XW WKHVH LPSDFWV FDQ EH PLWLJDWHG 7KHUH LV
HVSHFLDOO\ LPSRUWDQW DYRLG WKHVH DUHDV ,Q PDQ\ SODFHV WKLV LGHD LPSRVVLEOH ,Q PDQ\ DUHDV ZLWK VLJQLILFDQW
JHRG\QDPLFV\PSWRPVDUHEXLOW URDGV ,W LV LPSRUWDQW IRU WKLVDUHD WRNQRZWKHULVNV LPSOHPHQWPRQLWRULQJDQG
LGHDOO\LPSOHPHQWDZDUQLQJV\VWHP
$XWKRUV,QWULHULHWDO>@VWXGLHGWKHGHVLJQDQGLPSOHPHQWDWLRQRIHDUO\ZDUQLQJV\VWHPLQFHQWUDO,WDO\7KHUHLVD
ODUJH ODQGVOLGH WKUHDWHQLQJPDMRU URDGV7KHSXEOLFDWLRQGHVFULEHV WKHDODUP OHYHOV WKH LQVWDOODWLRQRIPRQLWRULQJ
HTXLSPHQWHDUO\ZDUQLQJV\VWHPDQGRWKHUJHRORJLFDONQRZOHGJH7KHV\VWHP LQFOXGHVZLUHH[WHQVRPHWHUV
UDLQJDXJHWKHUPRPHWHUDQGFDPHUDV7KHDODUPLVDFWLYDWHGZKHQWKH\DUHDFWLYDWHGWZRRUPRUHVHQVRUV7KH
V\VWHPUHFRUGVGDWDHYHU\PLQXWH7KHV\VWHPLQFOXGHVWKUHHDODUPOHYHOV7KLVLVDQRUGLQDU\OHYHODWWHQWLRQOHYHO
DQGDODUPOHYHO
7KHQHJDWLYHLPSDFWRIWKHH[LVWHQFHRISODQHRIGLVFRQWLQXLW\SRRURULHQWDWLRQDQGILOOLQJIDLOXUHVDQG
ZHDNHQLQJRIWKHURFNPDVVLIZLWKWHFWRQLFIDLOXUH
7KHURFNPDVVLILVSHUPHDWHGVXUIDFHVRIGLVFRQWLQXLWLHVDWDJUHDWHURUOHVVHUGHJUHH,WFDQEHWKHIDXOWVIUDFWXUHVRU
FOHDYDJH7KHH[LVWHQFHDQG IUHTXHQF\RI WKHVHDUHDVZRUVHQV WKHSK\VLFDOPHFKDQLFDO FKDUDFWHULVWLFVRI WKH URFN
PDVVLI 7KHUHIRUH GHVHUYH DGHTXDWH DWWHQWLRQ LQ WKH LPSOHPHQWDWLRQ RI HQJLQHHULQJ ZRUN (DFK SODQH RI
GLVFRQWLQXLW\ KDV LWV RULJLQV GLUHFWLRQ LQFOLQDWLRQ RULHQWDWLRQ FDQ EH ILOOHGPRUH VWDEOH RU OHVV VWDEOHPLQHUDOV
:URQJ ILOOLQJ GLVFRQWLQXLWLHV PD\ LQLWLDWH WKH ODQGVOLGHV 7KLV FDQ EH YHU\ VROXEOH ILOOLQJ ZKLFK DOORZV WKH
DFFXPXODWLRQRIXQGHUJURXQGZDWHUHWF
,IIUDFWXUHDUHZURQJRULHQWHGLWPD\FDXVHVOLSSLQJSDUWRIWKHURFNPDVVLIWRRSHQFXWVRISDWKVRUWXQQHOV
,Q SODFHVZKHUH LV DZHDNHQLQJ RI WKHPDVVLI VXFK WHFWRQLF IDLOXUHPD\ OHDG WR DFFXPXODWLRQ DQGPRYHPHQW RI
JURXQGZDWHUDQGWKH\FDQEHDFFHOHUDWHGZHDWKHULQJSURFHVVHV
,QFUHDVHGSHUPHDELOLW\LVFDXVHGE\GLVFRQWLQXLWLHVLQWKHURFNHQYLURQPHQWLWLVDOVRVKRZQLQWKHVWXG\RI)DUUHOOHW
DO>@7KHVWXG\LVIRFXVHGRQWKHSHUPHDELOLW\LQGLVWXUEHGVDQGVWRQH
'HWHUPLQLQJWKHFKDUDFWHULVWLFVRI WKHURFNPDVVLI LVPRUHGLIILFXOWZKHQDIIHFWHGODUJHDUHDLVDQGGLVFRQWLQXLWLHV
DUH IUHTXHQW .QRZOHGJH ILOOLQJV RI IDLOXUHV DUH LPSRUWDQW SURSHUWLHV VXFK DV JUDLQ VL]H SRURVLW\ SODVWLFLW\
VZHOOLQJSHUPHDELOLW\DQGRWKHUV
0HWKRGVIRUGHWHUPLQLQJWKHIUDFWXULQJWKHURFNPDVVLIDUHQXPHURXV:KHQDSSO\LQJYDULRXVFODVVLILFDWLRQV\VWHPV
PXVWDOZD\VEHEDVHGRQWKHVSHFLILFJHRORJLFDOFRQGLWLRQVRIWKHWHUULWRU\
&RQFOXVLRQ
)UDFWXULQJRIWKHURFNPDVVLILVRQHRIPDQ\IDFWRUVWKDWHQWHULQWRWKHGHFLVLRQGHFLGLQJRQWKHLPSOHPHQWDWLRQRI
SURMHFW,WLVYHU\GLIILFXOWWRJHQHUDOL]HLQGLYLGXDOIDFWRUV6LPSOLILFDWLRQWKLVSUREOHPLVXVHGIRUWKRXJKWDQGDVD
VWDUWLQJSRLQWLQWU\LQJWRGHYHORSWKHWRSLFLQJUHDWHUGHSWK:LWKRXWDZDUHQHVVRIEDVLFVDQGWKHLUGHVFULSWLRQLWLV
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QRWSRVVLEOHWRSHUIRUPDGHHSHUDQDO\VLV
,QGLYLGXDOIDFWRUVDFWLQYDULRXVSURSRUWLRQLQDQ\SODFHRQSODQHW(DUWK'HILQLQJIDFWRUVWKDWDIIHFWVLJQLILFDQWO\
WKH H[LVWHQFH DQG LPSOHPHQWDWLRQ WKH FRQVWUXFWLRQZRUN LV QHFHVVDU\ ,W LV D SURFHVV RIZHDWKHULQJ PHFKDQLFDO
FKHPLFDO ELRORJLFDO VWUHVVGHIRUPDWLRQ FKDQJHV LQ URFN ERG\ JHRG\QDPLF SURFHVVHV SODQH RI GLVFRQWLQXLWLHV
SRRU RULHQWDWLRQ IDLOXUHV DQG ILVVXUH V\VWHPV SRRU ILOOLQJ RI IDLOXUHV$QRWKHU IDFWRUZHDNHQLQJ WKH URFNPDVV LV
WHFWRQLFIDLOXUH$OORIWKHVHIDFWRUVFKDQJHWKHEHKDYLRXURIWKHURFNPDVVLI,PSDFWRIWKHVHIDFWRUVFDQFDXVHWKH
DFFXPXODWLRQRIJURXQGZDWHUPRYHPHQWDQGDFFHOHUDWLRQRIJURXQGZDWHUZHDWKHULQJWRGHSWKWKHURFNVOLGLQJLQWR
URDGVRUVOLGLQJLQVSDFHRIWXQQHOVLQLWLDWLRQRIODQGVOLGHVDFFXPXODWLRQRIZDWHUHWF
7KHVXUYH\LVLPSRUWDQWQRWRQO\EHIRUHDFWXDOLPSOHPHQWDWLRQRIHQJLQHHULQJZRUNVEXWDOVREHKDYLRXURIWKHURFN
PDVVGXULQJFRQVWUXFWLRQDQGSUHGLFWLRQRILWVEHKDYLRXUGXULQJLWVH[LVWHQFH(DUO\PHDVXUHVLPSOHPHQWHGLQWRWKH
URFNPDVV KHOSV WR VWDELOL]H VRLO DQG HQVXUH LWV ORQJHYLW\ 7KHVHPHDVXUHV VKRXOG DOUHDG\ DQ LQWHJUDO SDUW RI WKH
FRQVWUXFWLRQ$QXPEHURIH[WHUQDOLQIOXHQFHVFDQQRWEHFRPSOHWHO\SUHGLFWHG,QVRPHFDVHVLWLVEHWWHUVROXWLRQWKH
DOWHUQDWLYHIRXQGDWLRQVRLOVRUDWOHDVWSDUWLDOVWDELOL]DWLRQRIIRXQGDWLRQVRLOV,IWKHRSWLRQVDUHYHU\OLPLWHGLWFDQ
EHXVHGUHOLDEOHZDUQLQJV\VWHPLQFDVHRIHPHUJHQF\
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